To improve lipase activity and make the particulate carrier for practical application, lipase was conjugated to chitosan(Mw avg =80,000) by immine reaction. The lipase activity of conjugate was 93% of its initial activity at room temperature for 7 months, whereas the intact lipase activity decreased to 40%. And then, lipase-chitosan conjugate was intercalated within porous silica. The composite was characterized by X-ray diffraction, scanning electron microscopy, thermo gravimetric analysis. The Pore size was regulated in the range of 5~15nm. The maximum enzyme activity of lipase-chitosan conjugate needs the structure with 15nm pore of mesoporous silica. The resultant composite was found to have the free flowing property and keep up inner lipase activity.
Introduction
Immobilization of lipase is performed frequently via adsorption through hydrophobic interactions between the surface of supports and lipase [1, 2] . This method don't effect the structure of lipase, but Non-covalent nature of the linkage is usually a significant drawback for application of lipase in various surroundings, especially temperature, pH, ion concentration. Another method is the chemical method, which is the covalent binding onto support, cross linking of lipase. But this method has the possibilities of deforming the active sites of lipase.
It is the purpose of this study to immobilize lipase by conjugation with natural polymer, chitosan as support and intercalation of conjugate of lipase within mesoporous silica as carrier. Chitosan is a good support for enzyme immobilization in the food chemistry since it is non-toxic (food grade), available in different forms (powder, gel, fibers and membranes), has high protein affinity and allows easy derivatization. Moreover, it is easily available and inexpensive since derived from chitin, a by-product of the fishing industry [3] . Mesoporous silica was used as a carrier of lipase-chitosan conjugate because it is possible to control the pore size and surface area of it, and it has hydrophilic property which offer high loading efficiency of lipase-chitosan conjugate.
Experimental Procedure
Lipase (EC3.1.1.3, lipozyme TL100L from Thermomyces lanuginosus , activity of 100KLU/g) was used for this study. The average molecular weight of chitosan is about 80,000. The reagents of glutaraldehyde, pluronic P123 (EO 20 PO 70 EO 20 , Mn=5,8000), tetraethylorthosilicate, trimethylbenzene were supplied from Sigma-Aldrich. The deionized water was used in this study. The assay of lipase activity was evaluated by using the p-nitrophenyl butyrate reagent from Sigma-Aldrich. In the first step in the process, the glutaraldehyde solution was diluted to 1wt% with distilled water, and alkalized to pH 8.0 by addition of 0.5M NaOH. The enzyme solution was also diluted to 2.5mg/ml with distilled water, and alkalized to pH 8.0 by addition of 0.5M NaOH. Then, in the 100ml of 1% glutaraldehyde solution, 100ml of 2.5mg/ml lipase solution was added drop by drop. The amine groups such as lysyl residues of the enzyme are expected to react with aldehydes [4] . The residue of glutaraldehyde was removed by the ultrafiltration method (vivaflow 50, vivascience, MWCO 5,000). 1wt% Chitosan solution was made by dissolving chitosan powder in 2wt % acetic acid solution. The functionalized lipase with glutaraldehyde was mixed with chitosan solution. After 2h, lipase-chitosan conjugate was reduced by 0.02wt% sodium borohyride. In the second step, the carrier for lipase-chitosan conjugates was made by sol-gel process. Triblock Copolymer, pluronic P123 was dissolved in 2M HCl. Then, silica source, tetraethylorthosilicate was added. After mixing at 40℃ for 18h, the solution was polymerized at 100℃ for 18h. The mesoporous silica was obtained by filtration, washing with water including a small portion of ethanol, hydrochloride. And then, washed samples was calcined at 500℃ for 8hr. The pore size of mesoporous silica could be regulated by the ratio of trimethylbenzene to pluronic P123. The lipase-chitosan composite with mesoporous silica was prepared by intercalation the stabilized lipase-chitosan conjugate with prepared mesoporous silica.
Results and Discussion
Immobilization. The lipase was attached to the chitosan by immine reaction. The chitosan was proven to not only increase the enzyme stability but also suppress the release of fatty acid by adsorption. The reason for adding the lipase solution slowly to the dilute glutaraldehyde solution is that the other aldehyde group of glutaraldehyde introduced to lipase is inhibited to be attached to amine group of neighborhood lipase. So, there must be excess of quantity of aldehyde in the neighborhood of lipase. Crosslinking lipase each other will decrease the activity of itself. The residual aldehyde group of activated lipase reacts with amine group of chitosan, through this reaction, unstable Schiff base is formed between activated lipase and chitosan. This linkage is reduced by sodium borohydride to give stable form to lipase-chitosan conjugate. The liapse-chitosan conjugate solution is then purified by ultrafiltration process to remove non reactants.
Conjugation efficiency, enzyme stability. The conjugation efficiency for lipase-chitosan is defined as the ratio of amount of lipase-chitosan to one of added lipase. The protein content was estimated, both on immobilized, free lipase, by the method of Bradford using protein dye reagent. Bovine serum albumin was used as the standard. Fig. 1 shows that the conjugation efficiency is about 80% in 3 batches. The lipase activity was determined according to a modified method [5, 6] . Para-nitrophenybutyrate (p-NPB) was used as substrate and the increase in absorbance caused by the release of p-nitrophenol in the hydrolysis of p-NPB was measured spectrophotometically. The absorbance was recorded at 410nm with a spectrophotometer (Jasco, V-550 UV/VIS spectrophotometer). The relative activity was calculated by regarding maximum activity at initial condition as 100%. 
Fig. 1. Conjugation efficiency of lipase-chitosan conjugates in 3 batches
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Advances in Nanomaterials and Processing Fig. 2, 3 show that the activity of lipase-chitosan conjugate maintains the level of 80% at 45℃ for 28 weeks in comparison of initial activity. But, intact lipase lost its activity exponentially at all condition.
Carrier intercalation, characterization
The mesoporous silica was introduced as carrier of lipase-chitosan conjugate because it has the properties of controllable and large pore size in the range of 2~30nm, big surface area. In this study, mesoporous silica was prepared having the molar composition of 1 pluronic P123 : 60 tetraethylorthosilicate : 9708 2M HCl. The sample was characterized by XRD, BET surface area. The pore size of sample is 7nm. The XRD pattern of sample agrees with it of SBA-15(data not shown.). This carrier was mixed with lipase-chitosan conjugate for 24h. The weight ratio of lipase-chitosan to carrier is 10wt%. Loading efficiency of lipase-chitosan into carrier was measured about 5% by thermo gravimetrical analyzer. There is no significant difference in morphologies before and after intercalation of lipase-chitosan conjugate within the mesoporous silica. In this study, we made the pore size of mesopore silica expanded to increase the loading efficiency of lipase-chitosan conjugate. The activity of lipase will increase in proportion to enhancing the loading efficiency of lipase-chitosan conjugate within the mesoporous silica. So, Trimethylbenzene was used as pore expander because the structure of it is flat to be effective for increasing the pore size. In the Fig. 4 , the XRD pattern (Cu-Kα X-ray source using a Rigaku D/MAX-III instrument) shows that the structure of mesoporou silica has a tendency to collapse above the ratio of 1.5. The Fig. 5 indicates that the ratio of 0.5 shows the maximum activity in the range of the ratio of 0.0~1.5. In this case, pore size was about 15nm. On the other hand, the loading efficiency for the ratio 0.5 was not maximum value in the range of tested ratio. The loading efficiency for changing the pore size was not enough of difference to distinguish. We supposed that the pore size of 15nm satisfied lipase-chitosan conjugate to have maximum enzyme activity. Week R e la tive a c tivity( % ) .
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